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SKIN WOUND-ENHANCED SURVIVAL AND MYELOCYTOPOIESIS

IN MICE AFTER WHOLE-BODY IRRADIATION

G. 1). LEDNEY. I). A. STEWAR r. E. 1). EXUM and P1. A. SKE~h1

Delayed wound hecaling and increased mortal ity survival and changes in cokonv-toi'ming cells consist-
were docuimented inl rats and mnice sub ected to enit with suirvival from radiation were noted in mnice
whole-bodly expostires of midkethal radiation dose, wounded bMore irradiation.
I($t'RomItR6i Ct Coll. 1968. LANGENt)) )KI et coil

1964). Contrary to this. it appears that wounding MtrasadMti~
Ivor iraito mlay cnhance suirvival and only audNhtJ
minimaullyv mtertlerv with the proces-ses of wound AslinnwI%. Female icie. ((,.Hl/6 X CBAWIl Cutm
hecaling. However. the data regarding this linding are BR. werc obtainled from Ctirn erland Vivw Farms,
equivocal., Ini rats wounded 7 tot 9 days before a Clinton. Tennessee. All mnicere aclmedto
lethal closc of radiation. thle survival was not inl- latioralory coniditions inl thle following way. First. for
creased lK1INNAMtON & FAIRCHILDt 1965). The at Period oit 2 Weeks, thle anlimlals were housed inl
Woutnding of r-1ts 4 dlays before at midlethal radiation groupsll ofOI ini a quaratinelld l~tcilitY Until a1 ranldomi
dose resuilted in lio increase inl survival. Nit survival %amlple wls 111,11d to N.- lree of1 his-tologic lesions of1
numnbers Were im-.reased when Woumnding preceded common 1111i611 diseasand kuntil stecrile water llot.
radiation exposurce by 24 1h (STROMIIERti el C01l.). In Ile culturs oif all anlils were founld to Ile frev oif
mice, a tendency toward enhanllcmlent oif survival Pselldoonas Spp econdly. thle an1imauls %kcrc
fronta midlethal radiation dlose occur111red inl anim11als housed in groulps of S iie vieh filr 2 wkeeks befiore

woudedat ariout times uit tot onte mlonthl Meore e~trnet Tin lhe mlice were bletwen It) and1 lb
irraiationl (tLANitUNtt10ti et l. weeks old when usedl. At all times, thle mice wvc

P'rofouind tetrbton ire produced in the kept onl at 6 a.m. f light) lt w p.m. Idiot) cycle in
ntlyeloproliferativc compartmtents ill ittice lixityA titrc vrecages.. Wayne 1,1111.11m diet %%as pro.
et coll, 198111 alter wound 1traumat and inl own I P1t1t,1t' vided throuighoutl thle quatinellli and v\peritnentill
ci coll. 198$)) aller suirgical traumail. Tlhe changes liit Periods.. Chloiniated a 12 pP1tt1 watelr kvas P~ro
producied ill tile prolilerilivc mortt illsu- Wied after tile quaranineli period,

*seqPuit tot triluttial ate reiiiseviltit' those seenl in Wtsufainy A 2.) it) 2.5 %:tl circular wound was
indivdualstreaed Wilit Vvtotoxic agentis 41 .E"ONhv cu h atteiior-dolsal skin told andi tunderlying

19711. M111-1tAR et coil1. 1978) that. When t ijcted atl rianniculuis carnlosis utusele with at steel ttuitch. Thte
tile ap1propriate: timei. resutlt ill enlanlcd suirvivall and iel utth as cleaned byinteioin7) taol
binatopojectic recovery in irradiafted alnials. 't1h1iS. Th~e wokuds Were leb) opel it till te itvirolument antd
it was byptohmesized that1 survival atnd Inlyclopro- were stilt treated in anily wily. Groups of moice were
liferative recovery Would Ie enhanclled il iinials
subjected t it skill Wound before irraditim. ill Aixelt t1'4 t'tiW.Akko tts. Skmneeur R14).
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wounded u1nder light Nietafline (methoxytlurane. PER CENT MORTALITY SD
Pittinan-Moore. Inc.. Waishington Crossing. New I AS*-

Jersey) anesthesia between 10 a.mn. and 2 p.m.. 24 h * 2
beOre01 oil fterl "TO irra-Idiation. SuIch a wound conl-A A
StitulteSabout 4 per, cent of the total skin surilce area 90'
and is not lethal to the mouse. Groups of irradiated -
non1-wounded mice were subjected to thle anesthetic * *
either before oi- after exposure to radiation. 0 -Irradiaio~n. Mice were Placed in Plexiglas re- 50 -/

Gy/min by bilaterally positioned ....Co clements con- 30 A 1tamning 5.8Plq t 1400(X) CO). All irradiations were 1W
performed between It0 a.m. and 2 p.m. Dose deter-
mninations were made with the use ofa 50 ml AFRRI- -2
designed tissue-equivalent ionization chamber cali- 11 00

*brated against a National B~ureau of' Standards 6 7 8 9 10 11
ionization chamber. Thle dlose Provided within thle Gy

fieldvarie 3 pe cent as dtermied b I. Per Celli 3t)-dm mortalty ( protiits) ot i ivu gk a 4 perexposure fil aid3Prcna eemndb el skilmt~c oI~tilij eilliel 24 It bee tit 24 It after
thermal luiminescene dosimetry conducted within w'ho'k-boiy "'Co irraidiation %);,,title% wiih ;katending 95 per
tissue-equivalent mouse Phantoms. Coll volft teiwe timiN 1 aire procilld inl the figure. wo1ulldd 24

It ofteL' irmad'aion (A),. wounded 24 h hvelouie irrdiiatiol (9).(Cell pr(pi~iii~.1h splen and all long bonles Irda onotU)
of thle hind legs were removed aksuptically from cci'-
vically dislocated mice and placed in Roswell Kark
Memorial Institute (RPM1)- 1640 mediuim luFlow unllit-cult ture (CFLJ-c assay f'or gauovemc
Ldabs. Rockville. Maryland) onl ice 140), Bone mar ohg rgeio el ndculy16,11n elw

through 6 it 8 layers of nylon mesh and were washed taing oosiuaing activity tCSA) and an
two times in R..140 oarae o, ;ntrient agar' containing either 1WI

within ~ ~1-AI) 4Tho radain li pen er- spteenl cells deri2v5d 10'r orm ie ofar~o C ell W-ithe

c ated sell Was detformied by inrmnhitlin ithe. cturpe. txe t fr of te clonyte a liPo
Iveraofg number of nole pe spWile e byther wito- pelsand tie totalUE tis e atityd wer teor id

faV(1, cran en irelrl n a5 x111 ton maro m els desA ibed intestion CSn wats os. e hi
ai s pevlesnCln form ratientwa robvite .13;cnetahe vv i'IMU l iitr

tygiisnu quant111 it e of(F Is wasT dtineadilo ill eimplaaa.Asnlepeaai- fIm l.
(146in racc iatted nmicc eiv of 1"t.J wit pe' le wa wwd- Appimim tel ()t M ciois

cleatedithlls4and the' totaalnme , l uc leatl %e cls, eci *1I)rIIk drive ~udv front nomathle tuit'litheor

2to 4Itaftr wh.m~ic te surla. 1 hooi%ee owytounntg Trerelvl pto wer nd-tau ilet 24l 37. iefSe

Oki inewle*1yIle esu.Teaeae V ,Pae eecmtdfr(11cclnc i
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Table I

Alormlduv ,,ndmi.verld~ times~ qfmicegiv'ena i4 pe'r 'ni bmilv-.v( Jfi'' *Ain-it'ound eiiher 24 hi be /re mr-241h:le
::hole-b,d1v'C irrd 0

6Cv'ou~nd 24 h beforc irraidiation Wokund 24 h !kIkrC irr'adiation Irradiatcd cont~rols

(Gy)
Mortlity MS'I± SE** Mlortlity MS'l± SE MortalIity MSI'± SkI

7.0 0131 -5131 23,6t 1.7 0/31 -

7.5 0115 - 0115 - 3115 23.0± 2.1

18.0 5/47 23.0 01.3 26/44 7. 1±0.2 14/47 I9.6±0.8
18.5 1/13 23.0 14115 13.6+1.2 9/15 17.811.1

9.0 2/47 20.0j 8.0) 42/47 10.4 f 0.8 45/47 15.3±t1. 3
9).5 3/IS 20,3+ 6.0 141IS 11.1 V0.9 1.5/15 14.5 +0.7

10.0 .17/47 12.2+ 0.8 47147 8,4 +0.4 47/47 12.64'r0.2

11IA0 32/32 9_~t0.2 321/32 8.4 0.4 32/32 12,0±0.2

* Norl,.I6 ict ~ ion: -11111hea ofaniima iding, dur.ing 30-d;.v pcuiud/iot&.I miiuib .ofanimaIIk I r..imld.

**NSI± Sli= .cn urvivaI fine t± la~.ndand er

Per cent ciiange oi' 24 It afterepot)~ll' lt) "Co radialtion is presented

10-in TablIe I and dtepkied in F~ig. I. Tbe J 1 1

4 ie wLUilded 24 It aft)Icr imiatiIi~f.an9,1G Fo

Inive'i IIll 14j I helor lithiln ZI %)p Ths tle (i. le

0 ~ -~- ~ ret)Iirll aillth ith 8tWl )l i .ee woeM re

5I' tiIinll~ l Wasre 'I 1k l rrslin by(4 ucw~ne

lmia leplevol (letir ttait ill m) n~~lteJ wokikel

-vor -rafllkl Will 8 or 8. y I'wwr

Ie, Illen ciltie, ll ti~e% ther) mie gillz
~ I illkgit N-1,61-C liteeI'arlitius rvittlitl ose -ntil- ill

Day0 tfttr their a pint till ite ovInCl ili ite~ vatl lite
at..et IdI!~0 h IkI~l e~t~i~.1II Were) 1111 iset I ill tiiedt hcpitaiollshiotile staig"hit

I'*fl~' 11w ~t~ ,til te i'te~ o fl0~oli ~uter a l4?I~Vt litn l~e tloilluie ioth thw Illlie nw iefor

-100 Tablel 1.r lll Irrdddliol grokI) IIIilitle tvlr II\ U. a dIICI .'

I~ ~ 10 14WliW 0'~0( 1SWe~t4EIIMIWA.4 k~ .*. W~tid~ii' 1II~~ Udhhay ve -
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Table 2

Ce'fdrilYt olto Ione ,ux '4 /l,'s and!splct of' mice ' tier vitlwr atu~druootnd irradititun
or erradulion on/Yd

Tramn issue Days after wtounding~
group asyd

3 7 11) 14

4prcent bodly- Marrow4 2.4±)* 4.14-0.6 3707 26I±.

Stifface %kinl-wound Spleen 4.4±2.1 3.8±0.4 4.6t0,7 131.4±9.6
24 h before 7 (;y

C'O irradiation

7 (iv 1Co in-a. Ntat-ro 2.8± 1.7 1.8 f1. 1 5.1 0.$ - 9.2 f 0.9
dh4ton Spleen 2.1 tU.4 3.3 4.0. 4 3.8:t1.6 13.X±5.1

Him~e marrow cell% wet-c harv-ested from the pa;ired humeri. femnora, and fibiol'ibilar- proec:.
s%. Nucleated cell 4ii-mitifes of normal boine mat tow eiifiv and spleett, were 76,2±5.6x ltW
and 45.74 3.8,< 111". wcpectivly-

Values indicated are me1anl 1111ttnb1evti olinuclatcd ceull' l<Iy'± I SU hr i 2

Table I

( *J~~tjeD~lfl. tipipliyo* J#, knt4D'kthit id Sephn -01 t-it' ml s 414' Ir 0111cr foljldtidlsio irraidition or

7 10 14

per ~~1e elb~v ~ irn ~ I~ 0 ~ I 4~ 19i I kl IT 1!I'2

Cooltent 3? iil 1 W 01 .71.1 9~~711

l'et 1WI e~
V ittlet~t 6Is 2'1 bit'2t 9-2I4

411~ '. mil (01.1 P.it~I ial ntue~ - 2

commiumitilIu Iurt. V I%% it) f1kiili 11itje fatctt i " ivftt'10 %WN 'ttI !witd tIto t~ t~ ttitf IW h ll It tt

fv-%I I)l~.Ii~eF iC 1 kttill , ttItti: lki~l; Nifetit ti t 1,4ww 4 4lt w.. tto tudeill iA t Ov ttt2tttht (W

(voirrt' ill irrad witdcotrol kttttce wo~da~ttt vnd udingl rioelin ttatd lt-lt4 depited area, Olttiittg:

itt ittle .tit' rd llt him hi~dliv% itsIct~ wolutifig lirtttttdtd tit'air. illtdlitktt witite atler~ % irradikk
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Per cent change1020
10000
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50 . 50-

25- 25-
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-so- -50-

75- ....... .....

_106 3 7 10 14 0 3 7 10 14
Daysafewon

Fig 3 I~ ~nt hangc iin !ie i'tt~.i n n Iil,%pleen pe~r 11V or dl'tm' irrmlis~a il's onl T'he line-. drawn ot it reprousnt theF~ig.3, I Per ve nt Chi n -po %m nt it( mark c~~~ ~I 11 ill tiral voutwinralion% andiati oi coic 11wrh e nn
long Nine% of' the ivp and the svrlan.I alWfvy eilhea' 4 Pei, Cel V~ai i apj r ill TleN A. SY111U0I Us ill Fig. 2.
tktys"fw skin-wound given 214 h Mme** 7 (iy i~r~atsan

prcene ot 5 dtray cntvlo hn htfr.ie i CIT- er en rlilIo7 a%
CWned efore iadiatini Durtl% h ua) ehining l:ts riiei. tieswecan lon Altain

1taty nI' nucled ce"l, tlitarnciue Nin ar cnthen tFLc CFnt-snwationntan 25 w ent i' tle

Im In~ Spreen iell Wiere temine irain ctntrnkfo iy hnrmal cnrol iaI in th tilxceio edutile i
-wae 14.wreid aferl nutg sine rominindjed d tlc IVe aceiratani Tc InylideO tit

Ofa7 e lanid an r4ur imn cntna ifter dayin-woand. 4 nnij thoe 'ne. i'atan akacl inrelCu in aonteant
Tcahe dta taie ieentd !ihie thand ildig. tsd mite Ocre anda two l rctn aa plcl Cncntatin oft
14r Clli aif treatndctrol. enin (FL' ta ht aucdfrte iic

Compa~.jrdhil ile irri heillion contrls. tiirradiated mi. in allretmnt~r terationssu~
lily ta'f nlae ek iile Iy4arfowti acvery a te in itadain the- andiie ctentc ica titlar
of anie narwund Moreca irl' ntion arte the ire. at i had iicon of dteted Illice wive Iresille illtw
tur~n ~tralnen eaier' (daasa7-e0rand as Tle 4adh. 'V . onl%.naWoe rail
IW atd airee deicft-d hgr ill in Fdi.o cotrl fl lo aIP per111 inn lem~~t~iri'lliaOf c4m-11ilnn MII~ ion i

at nairalunleatd uiec (anpacd ith led .11--C C coanticenitrtin il the Illyaid liko'ues a
a~dac tiimice.Satdt ,01111t nound-trat ei dit 0ad trated ice Mre tirertillio in ab tle ad Fill ti. Vate

t14 dvwtedtetie ftehrc awileeaNl ofncm11, wetata h i 1114 niacmiret Nfor tie tes

611mly-imosti-,pvl.TeCTSlsa rmis e 11e l l wlulkgolso n
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Percent change

All

100 r 100

10 0

050

03 7 10 14 0 3 7 10 14
Days after wound

it Ariti~tt#~t

Fip44, Pr ce t ej l i 't u r* ther*~ iml adlti Ipe Ity' or a 110cr a wmd~il mil.a~~n Th e fl. dral 1 )vpi.-i

Lk~--uviwc flouillgv4 It Mmet I UF *V if~a

~~~~~~~ I~ 10t4 -WI A& .9,4 2II 160I.II d I I.h%.~a~

**1 RON~d tIt %WY#A'IN

of Tip it 14110 kiaftw O qictll: k~% wllo1 74 ml IA Ipetfirlik~mtd I1%
like04te Iovo-. 1',he A41 1*00 f te l#%.UOJ%.O~jCItIMle4 % *4W IJU44: 194
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Per cent change

25- 251-

.. . .. . .. . ...... 0

-- -25-,-
so~- . 50'

-100~ ' I 10
0 3 7 0 4 0 3 7 10 14
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Fig 5, pN' co vb~tng in thv v oIImgI. Mow~ 7 (~ "Co ii iitin m. afdev *itiikIiaion only' The lino
filming VON [Vt li I mfvlukalc cell" t 1 tn, klygm) Conk"! tt of r' j tioula rii n'm t wt'ra

Amgg ciwr a 4 jWv ix"I bWy. it -kinwuive~n 24 b Fig 2,

44

24bkCw 7 VqTt : W* 11

1: N~7M (W Bat I%~' Ntt ?iI~ ii-.1 t 0 " ivAw

flm Ond (mIi iN'I i ~~ni ain1W .n ~~kio-W tims IVU11 ti fil IIVlg titJ mutrele col

klolved WtCFL t~itr*i t~ hie til t aiy , ~ u~~ Whn weel i~ei kltai 50 rlvr .CeliIl b! ete W
iwlOp1axct) With iiad "I~. 11." ontr. MCE~c in Uw lldivew uc of a~u~~k~
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Ratio 1975) and neutralization of foreign bodies such as
100 bacteria (SIMPSON & Ross 1972). Utilization of these

mature cells resuilts in an increased demand for
50- diffe~rentiated progeny produced by the niyelopoietic

centers. Thus. Pmi.ip et col,. observed an $0 ito 90
per cent decrease in the peripheral blood content of

*.* .. *CFU-c one day after surgery and a nearly twofold
/ \ increase 7 days after the operative procedure. Thus.

10-% \ surgical traumia sets into motion mycloproliferative
/ A responses which could. if left undamaged oi- re-

5 parbe ai nth naceeto sria in ir--

I .* *, A poictic cornpal'tmlents in ways knowvn to heo~ssociat-
~~ ed with enhancement of' survival from radiation in.

duced by a variety of treatments. First. in the ('FU-s%

0.5 A n F-c compartments. concentrations of' these
elemnents started ito retuirn first if) the bonec mar'row[ *.* 13 and then in thfe spleen sooner than that for irradiated

Icontrol mice Icf'. TIables 3. 4). sectindly. in the corn--A bitted injured mnial. life marrow and splenic con-
0.1 L=, L centrations of Cf, U-c ;Intl N-CEC were not reduced

0 3- 7 10 14 it) the levels scen in irradiated mice. These oimarva.
Days after wound lions. taken togethert with lte timlmng- that, iyeloid

t~i6. tl~ t'sinpn~ ~ Proliferative element'. tire flecessalry it) enhance stir-
vollto-fifolog mitviit~ 4:1" ~ilflo w t~ ar t a VIVral in in'adated animals EMtcCvl1.i & THIt

"I'lei MIS firm iie after either ;1 4 wvr vent %I.W~IWA6). ean, acotil for thev -enhancedt1 Survival of'
,.rii~ ons tk~ ~ kirmI~d ~ t ~iti~ t~cNi II WOUIlded irrnemi.

WO- WhICn s 6-IC' Intttf~' the njnttiW jimd %i'kO ill '1 t be 1 ltth In noroull Ilice, thle splonic and fionle Imarrow~ cell

8j#AA%. weqiectFig. I lot iradiated mlice. inlcreass in Ilv

.q) per Cellnt io -rele control vlle Wskl. 0Ctaiir111 eaieyM4",P0

sqilt'Cnn -inding VVAT'. thek" lit~tt file lime%. leoit

riotogek m~et~d kim~nts tht ~ serede~i- idtvolloss f VCFal~ dull vietttred un mtorss mid

17esgrefater aflti o ltliwill h ol~ tCiTgt1ttiI m~ptitimi iig wewq teven. thf~toj eraed luin etinte

ri tile Ctt o uriial. frn milil Inm~ lif f ~ eryt spn or t er omitor
litml stioichI ti aualitit erice it"It. d giitt IV A in~rt .111a41IA life ilk. thi IS Inee~ilaicy ilie

id midts 'rophAles ittrate tfo th wo id -tean gcnattla idtu fiteaes i ii Cl~Lcw osem'g file
4iiga wmoilJi ilitlenaen IieMmWa Wee Io&) UWtcerAy d'gt 141 title a(asoa IWO r thli of

In %II aly i 'red Irmtm. J
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unknown but it may be due to (1) the biologic re- is a potent stimulator of colony-stimulating factor
quirement for mature granulocytes to assist against (CSF; QUESENBERRY et coll. 1972), and CSF is in-
microbial complications and (2) the response to the creased in the serum of conventional mice sub-
negative feed back signal of granulocytopenia occur- sequent to radiation injury (HALL 1969, MORLEY et
ring after irradiation. coil. 1971). CSF, generated by host tissues in re-

It is conceivable that the robust splenic myelo- sponse to tissue trauma, may also enhance
proliferative response in wounded mice in the post- myelocytopoiesis (METCALF 1977) and this, in con-
irradiation period could account for the enhance- junction with the endotoxin-stimulated CSF, may
ment of survival. Splenic extramedullary myelo- account for wound-enhanced survival from radia-

cytopoiesis in mice and the lack thereof in rats tion..Work is in progress, testing this thesis.
may also be the reasons for the conflicting data
surrounding wound-enhanced survival from radia- SUMMARY
-tion in rodents. However, previously it was deter- S M
mined that wounding enhances survival equally well Skin wounding at 24 h before whole-body "Co irradia-

mine tht wundng ehanes urvval qualy efl tion of mice raised the LD,11.II) from 8.09 to 9.71 Gyin splenectomized, sham-splenectomized mice and
in control unoperated mice given 9 Gy radiation resulting in a dose reduction factor of 1.2. Concentrations

and quantities of mycloproliferative cells were examined
(LED'EY et coil. 1981). This suggests that en- at 3, 7, 10, and 14 days after 7 Gy, skin wounding 24 h be-
hanced survival of mice wounded before irradiation fore 7 Gy and in control non-treated mice. Wounding before
is independent of extramedullary splenic rnyelo- irradiation provoked an increase in marrow and splenic
cytopoiesis. clonogenic cells that was earlier and greater than thatnoted foi- irradiated mice. Supranormal levels of splenicThe physiologic stimulus of skin wounding and CFU-s and CFU-c were found in animals wounded before

subsequent healing result in a number of changes in irradiation. M-CFC values were depressed throughout,
the mature cells of the peripheral blood pool although greater for combined injured animals than for
(BRYANT 1977). For example, erythrocytes are lost irradiated mice.
through the wound site, and platelets, through their
aggregation and adhesion capacities, attempt to ACKNOWLEDGEMENT
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